The dynamic modulus of hot mix asphalt is one of the important indicators to evaluate the durability and performance of asphalt pavement. In resent, the dynamic modulus is suggested by a key property of asphalt pavement design and analysis in AASHTO 2002 Design Guide and Korean Pavement Research Project(KPRP). Master curve from laboratory test results should be needed for pavement design and analysis. The process to get the master curve is standardized. But, there are some setup and testing error at low temperature (-10 o C) and high temperature (55 o C). In this paper, a simplified process which is used 3 testing temperatures (5, 21, 40) is adopted to get the master curve. Comparison was carried out for standard process and simplified process. The suggested process can be used to get the master curve of asphalt pavement, even though some difference was shown at high temperature. 
Introduction

NCHRP Project I -37A is producing the new 2002
Design Guide for New & Rehabilitated Pavements. The guide is based on mechanistic principles and requires a modulus, analogous to E for steel, to compute stress and strains in hot-mix asphalt (HMA) pavements. In 1999, the NCHRP Panel for Project 1-37A selected E* for this purpose. The selection was based on a paper authored by Witczak(1999) cyclic load applied to the specimen is adjusted so that the specimen is subjected to axial strains between 50 and 150 microstrain (με). This constraint is in place to guarantee that testing is being performed within the linear viscoelastic zone. According to the current test protocol, the stress level should be selected from a certain range set for each test temperature[2] [3] .
To get the dynamic complex modulus, 5 different testing temperatures and loading frequencies are used. 
Dynamic Modulus
Theoretical Basis
Briefly, E* is the modulus of a visco-elastic material.
The dynamic (complex) modulus of a visco-elastic test is a response developed under sinusoidal loading conditions.
It is a true complex number as it contains both a real and imaginary component of the modulus and is normally identified by E* (or G*). In visco-elastic theory, the absolute value of the complex modulus |E*|, by definition, is the Dynamic Modulus. In the general literature, however, the term, "ynamic Modulus" is often used to denote any type of modulus that has been determined under "on-static"load conditions.
For linear visco-elastic materials such as HMA mixtures, the stress-strain relationship under a continuous sinusoidal loading is defined by its complex dynamic modulus (E*) This is a complex number that relates stress to strain for linear visco-elastic materials subjected to continuously applied sinusoidal loading in the frequency domain. The complex modulus is defined as the ratio of the amplitude of the sinusoidal stress at any given time, t, and the angular load frequency, ω, δ = δοsin(ωt) and the amplitude of the sinusoidal strain ε = εosin(ωt-ø), at the same time and frequency, that results in a steady state response ( Figure 1 ):
Where, δο = peak (maximum) stress εo = peak (maximum) strain ø = phase angle, degrees ω = angular velocity t = time, seconds i = imaginary component of the complex modulus Mathematically, the dynamic modulus is defined as the absolute value of the complex modulus, or: at each temperature required to form the master curve describes the temperature dependency of the material. In general, the master modulus curve can be mathematically modeled by a sigmoidal function described as:
Where, tr = time of loading at reference temperature δ = minimum value of E* δ + α = maximum value of E* β, γ = parameters describing the shape of the sigmoidal function. α = variable which is a function of gradation The shift factor can be shown in the following form: 
Experimental Investigation 3.1 Materials and Test Specimen
The focus of this research was to evaluate the complex modulus of several asphalt mixtures from Korea's granite and to suggest the simplified testing method. Four different mixtures were selected at the beginning of the project and tested. The gradation of the mixtures are shown in Table 1 .
PG 58-22 of asphalt binder is adopted. The detailed properties of each mixture are shown in Table 2 . 
Test Equipment
All tests were performed on an UTM-25 testing system, which includes an hydraulically-driven load-frame, rated at 25 kN, with integrally mounted hydraulic actuator, position transducer, and load cell in a -20 to +100 ℃ temperature
cabinet. An integrated control and data acquisition system (CDAS) provides accurate force or displacement waveform generation and control and enables automatic sequencing of test procedures. Flat, circular load platens were used to apply the load to the specimen. Latex paper was used to reduce friction at the end plates. The vertical deformation measurements were obtained using two LVDT.
One average strain measurement was obtained from the two LVDT.
[ Fig. 3 ] Testing Setup
Test Procedures
All the testing procedure was based on NCHRP 9-29 Table 3 , are applied.
The specimen was then placed in a freezer for overnight at -10℃ to ensure temperature equilibrium. The task report for the data analysis explains in detail how the raw force and displacement data is manipulated to obtain the dynamic modulus and phase angle for each specimen.
After the entire cycle of testing was complete at -10℃, the environmental chamber was set to the next temperature. After 2 hours conditioning, the above steps were repeated until 
Test Results and Analysis
In general, it is not easy to keep the low temperature at The master curves for standard method and simplified method are shown in Figure 4 . As shown in Figure 4 , there is not big difference of master curve for standard and simplified method, at the range of log reduced tiem, -4 to 6.
At low testing temperature, the difference of analysis method for master curve can be ignored, but at high temperature, the master curve for both methods is not similar.
For the purpose of asphalt pavement design, the log reduced time would be used between -5 and 5, which can be simulate the vehicle speed, loading duration on pavement and temperature. For the wide range of temperatures for the compressive dynamic modulus test data, the use of the sigmoidal fitting function to construct the master curve seems to fit the data well because it follows the physical form of the measured data.
There is not big difference of master curve for standard and simplified method, at the range of log reduced tiem, -4 to 6. At low testing temperature, the difference of analysis method for master curve can be ignored, but at high temperature, the master curve for both methods is not similar. For the purpose of asphalt pavement design, the log reduced time would be used between -5 and 5, which can be simulate the vehicle speed, loading duration on pavement and temperature.
